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SUPNARY 

Modifications of C3-type f i l m  (methyl c e l l u l o s e  formulat ions with 
polyacids)  have been prepared which have f l e x i b i l i t y  and e l e c t r o l y t i c  con- 
d u c t i v i t y  both t e n  t i m e s  as g r e a t  as t h e  o r i g i n a l  C 3 .  
by i n c o r p c r a t i o n  of water-soluble amines and appropr i a t e  dcmward adjustment 
of t h e  polyacid f r a c t i o n ,  

This  has  been achieved 

Various amines have been s tud ied  as modifiers.  Seve ra l  i nc rease  
conduc t iv i ty  without impairing f l e x i b i l i t y .  
component, 10% hydrowpropylamine increased e l e c t r o l y t i c  conduc t iv i ty  of 
f i l m  i n  45% potassium hydroxide m e  h imdhdfold  and a l s o  doubled f l e x i b i l i t y  
as measured by M.I,T. f l e x  tes t .  

A t  equivalent  l e v e l s  of  polyacid 

S t a b i l i t y  cf amine-mpdified films i n  a i r ,  i n  e l e c t r o l y t e  and i n  
e l e c t r o l y t e  with s i l v e r  oxide w a s  found t o  be of same o rde r  as f o r  C3.  
S e v e r a l  
s e p a r a t o r s  i n  c e l l s .  

examples have t h e r e f o r e  been s e l e c t e d  f o r  f u r t h e r  t e s t i n g  as 

The p o s s i b i l i t y  o f  developing membranes s p e c i f i c a l l y  adapted t o  
use i n  KOH concen t r a t ions  below 30% i s  being explored, 
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I o  INTRODUCTION 

I n  t h e  Second Q u a r t e r l y  Report experiments were aimed a t  improving 
t h e  conduct ivi ty  of methyl cel lulose/polyacid f i l m s  t o  ope ra t e  i n  KOH con- 
c e n t r a t i o n s  abclve 30%. The b r i t t l e n e s s  a t t endan t  upcn i n c r e a s e  i n  t h e  pro- 
p o r t i o n  of t h e  mcre conductive polyacid component promoted a n  i n v e s t i g a t i o n  
of s u i t a b l e  p l a s t i c i z e r s  i n  o rde r  t o  r e t a i n  f l e x i b i l i t y  i n  t h e  f i lm,  This  
i s  e s p e c i a l l y  important during t h e  ope ra t ion  of  wrapping t h e  e l ec t rodes .  
Such p l a s t i c i z e r s  had t o  meet t h e  requirement of being compatible with t h e  
methyl ce l lu lose /po lyac id  so lu t ion  from which they  were c a s t  e 
ed t h e  water-soluble low molecular weight polyethylene oxides  as w e l l  as  
t h e i r  s o l i d ,  high mclecular weight coun te rpa r t s ,  t h e  polyethylene oxides  
(Polyox) Other water-soluble polymeric p l a s t i c i z e r s  included polyvinyl  
a l coho l s  and hydroxyethyl c e l l u l c s e ,  Seve ra l  of t h e  t h r e e  component polymer 
compositions gave films of a t t r a c t i v e  p r o p e r t i e s  i n  screening t e s t s  and were 
prepared i n  s u f f i c i e n t  q u a n t i t y  f o r  cons t ruc t ion  of c e l l s  f o r  l i f e  cyc le  
t e s t s ,  

These includ-  

I n  t h e  work of t h e  present per iod a more s u b s t a n t i a l  improvement 
i n  f l e x i b i l i t y  w a s  sought as w e l l  a s  s t a b i l i t y  towards s i l ve r  oxide oxida- 
t i o n ,  inasmuch as pas t  work has  shown t h a t  both polyvinyl  a l coho l  and 
hydroxyethyl c e l l u l o s e ,  t h e  f l e x i b i l i z i n g  components, were somewhat vulner- 
a b l e  t o  oxidation. The new approach of  t h e  present  r e p o r t  w a s  based on t h e  
p r i n c i p l e  of adding p l a s t i c i z i n g  amines t o  t h e  methyl cel lulose/polyacid 
system, 
ance; t h e  e l e c t r i c a l  r e s i s t a n c e  of t h e  f i l m s  w a s  d r a s t i c a l l y  reduced, 
led t o  s e v e r a l  f i l m  formulat ions e x h i b i t i n g  both improved f l e x i b i l i t y  and 
lowered r e s i s t a n c e  

The arZnes exe r t ed  a secondary e f f e c t  of equa l  o r  g r e a t e r  import- 
Th i s  

I n  a d d i t i o n  t o  t h e  development of films t o  perform i n  e l e c t r o l y t e  
o f  higher  c o n c e n t r a t i m s  t h e  p o s s i b i l i t y  o f  developing films t o  perform 
i n  KOH concentrat ions below 30% w a s  explored i n  a prel iminary way, 

A. Modification of Methyl Cellulose/Polyacid Films wi th  Amines 

A s  i n  a l l  previous woi-k czmpletely imn support ed homogeneous 
films were t h e  o b j e c t i v e  and f o r  t h i s  reason only completely water-soluble 
amines whose s o l u t i o n s  i n  add i t ion  were compatibl- w i t h  t h e  o t h e r  c o n s t i t u e n t s  
were considered as p o t e n t i a l  p l a s t i c i z e r s ,  
s o l u b l e ,  proved t o  be incompatible with t h e  polymers, forming two phase solu- 
t i o n s ;  such p repa ra t ions  were discarded. 
decisicln i n  khat ox ida t ion  tes ts  on films of  v i s i b l e  two phase s t r u c t u r e  have 
shown a tendency t o  d i s i n t e g r a t e  under oxidailoii  b>- s i l v e r  oxide?  

Some of  t h e s e  , although water  

This w a s  not an e n t i r e l y  a r b i t r a r y  

For purposes of comparison t h e  i n i t i a l  i n v e s t i g a t i o n  was on t h e  
Th i s  work i s  summarized e f f e c t  of amines on t h e  p rope r t i e s  of C3 films. 

i n  Table I. 
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Table I. - Amine-Containing C 3  Films 
. , .v.~_r7--------? - -.__. -_. ---._-- - -_ __-__ _.--___ . I_ - __-- .- - 

P. 
.-<- -. ~ .. -- I__*._ - 

Film ProEx+i&ss Elec  Re s 
45% KOH 

0 
Reference compo s i t  ion  9 50% ? L Z 0  

XIT F l e x  I m i  lli o hns .- 
i n l  7 3 PH 

200 g., t ens ion  Tens i le  
m i l s  cycles  p s i  - -._________- .-- -------- 

Avg. C 3  PWiA 3O/MC 70, Reference 2 ” 2  l e  5 756 10,000 357 
I 485-120 B C 3  + 10% 3-hydroyypropylamine 6 - 9  1 , 5  1476 6,100 15 

9 485-120 A C 3  -I- 30% 11 9 0 2  l r . 5  _ _  1400 
499-34 A C3 + 5% propylamine 3:9 L‘5 325 12,200 6 
439-36 B C3 -I- 10% I F  4 0 3  1.6 ?-I+ 5 ; 970 3 
499-36 C C 3  20% ii 7<* 8 10’1 1 lC,650 31 
499-35 A C 3  -I- 5% butylamine 3.6 l C 5  51!+ 13,100 185 

-35 B C 3  + lo$ Vi h12 l , 6  27? 10,600 9 
-35 c c3 + 20% i t  6,% lot, 163 6,680 0 

482-68 C 3  10% 3-methoxypropylamine 50 5 i , 5  180 8,520 16 
482-69 C3 + 20% I t  - 1.6 1406 3,980 50 
482-81 A C3 -+ 5% (ethoxy) 3-propylamine 3.3 1.5 590 12,9C0 360 

-81 B C 3  -I- 10% I f  3 0 9  1.A 414 12,b.C3 200 
-81 C C 3  -I- 20% I1 4.2 1-5 943 6-460 22 
-81 D C 3  40% i’i 6.2 t w o  p k s e  s o h .  

482-83 A C 3  -I- 5% 1,G-hexadia.mine 3.8 1.4 957 10,309 217 
-83 B C3 + 10% Di t w o  phase s o h .  

499-34 A C 3  f 5$ morpholine 3.6 1.4 658 13,1~00 3 
-34 B C 3  + 10% ii 4.1 1.5 75 7,210 6 
-34 c c3 + 20% I f  6,4  1.6 21-7 5,500 9 

482 -7 0 C 3  + 10% chol~ine - 1.6 148 10,100 16 
482-71 C 3  -I- 12.5% 11 - L 7  11, 8,600 13 

.- 

a 
482-82 A C 3  -I- 5% (CH3)kNOH 3.8 l o ’ !  62.7 11,1100 88 

-82 B c3 + 10% I 1  403 1.4 Li.6 8,560 3 
-8.2 c c3 + 207L f i  6,6 1 - 4  3622 2,750 3 

504-140 C3 + 5% BzMe3NOH - 1.5 4O2.!1. 9,140 72269 
5 Oh-13 9 C 3  -I- 10% BzMe3NOH - 1 - 5  1+745 7,820 1530 

I t  - 1,9 3177 -. 0 
_. trpro phase s o h ,  lleo 

499-144 A c3 + 25‘1 

499-146 A C3 +- 5% am;nopropgririioi-:I;holi::e .-. - 1205 

499-146 C C 3  -I- 20% t i  

482-80 -4 C3 + 5% tziethanolamine 301 k 5  662 12,900 220 
-80 B C3 + 1G% I 1  3..9 1,.5 3.91 11,600 66 
-80 C C3 + 20% 11 4.,7 1 - 6  384.3 4,730 3 

liv63-33-1 C? -I- polyethylenimine P r e c i p i t a t e  , i n so lub le  ho-t and co ld  

499-145 A 
499-Uc5 R c3 + 107 i 1  --. t.wo phase; f i l n  t o o  s o f t  

499-Ut6 B C3 + 102 

C 3  f 5% propanediamine 

- 
- 1 . 5  

1 ;  I tr*ro ph2s.: so ln ,  
I! - 

--__I_ __-----..-.--I -- 
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From t h e  r e s u l t s  of Table I ,  3-hydroxypropylarLne appeared t o  
be t h e  most e f f e c t i v e  p l a s t i c i z e r  f o r  t h e  C3 composition (3PVNMA/7MC) 
a t  l e v e l s  below l@$ p l a s t i c i z e r  on t h e  polymers. 
it w i l l  be noted, had a negat ive e f f e c t ,  e m b r i t t l i n g  t h e  f i l m ,  This  w a s  
e s p e c i a l l y  t r u e  with propyl  and butylamines, The diamines, propane diamine 
and hexane diamine, gave two phase s o l u t i o n s ,  poss ib ly  by a cross- l inking 
e f f ec t .  This occurred a l s o  with some of t h e  h ighe r  molecular weight amines. 
Polyethylenimine gave a s o l i d  p r e c i p i t a t e ,  

Some of t h e s e  amines, 

It can be seen t h a t  a remarkable i n c i d e n t a l  e f f e c t  occurred: 
t h e  r e s i s t a n c e  of t h e  compositions w a s  lowered i n  a l l  ca ses  by t h e  addi- 
t i o n  of amine. This suggested t h a t  fcrmulat ions,  i n t r i n s i c a l l y  l e s s  b r i t t l e  
by v i r t u e  of containing l e s s  polyacid,  could be brought i n t o  t h e  d e s i r e d  
conduc t iv i ty  range by t h e  a d d i t i o n  of arrLnes, 
and B2 compositions were formulated with 3-kydro.qypropylamine at va r ious  
l e v e l s .  
had both b e t t e r  f l e x i b i l i t y  and conduct ivi ty  than  C30 

I n  Table I1 C1 and C2 

From t h i s  exp lo ra t ion  a number of f i lm p repa ra t ions  emerged which 

F r o m t h e  r e s u l t s  of Tables I and I1 a number of f i l m  compositions 
were s e l e c t e d  f o r  f u r t h e r  t e s t i n g  f o r  s t a b i l i t y  t o  ox ida t ion  i n  potassium 
hydroxide so lu t ions ,  s a t u r a t e d  continuously with s i l ve r .  oxide according t o  
procedures e a r l i e r  descr ibed (1). The s t a b i l i t y  i s  est imated by t h e  t e n s i l e  
s t r e n g t h  of t h e  oxidized f i l m  compared t o  t h e  s t r e n g t h  of  t h e  f i l m  exposed 
t o  t h e  e l e c t r o l y t e  only, expressed as t h e  quot ient .  Measurements were 
made on t h e  e l e c t r o l y t e - s a t u r a t e d  fi lm. I n  Table 111 f i l m s  were t e s t e d  i n  
s i l v e r  oxide-saturated 30% KOH at room temperature for 3 days, a t  50" C. 
for t h r e e  days ar,c! i= 45% KOH at room temperature for t h r e e  days, 



Table 11, - Modification of Various Film Compositions With 3-Hydroxyprowlamine 

0 Film Proper t ies  Elec R e  s 
Reference Compos it ion  50% R,H, i n  45% KOH 

200 ge tens ion  Strength milliohms- 
m i l s  cycles  psi in .  2 

pH MIT F lex  5 Tensi le  

485-76 
485-127 A 
485-127 B 
485-127 C 
49 9 - a 0  
482-98 D 

-98 c 
-93 B 
-98 A 

504-16 
504-19 

504-23 
504-24 
504-25 
499-71 
499-75 G 

-75 F 
-75 E 
-75 D 

499-70 
499-74 c 

-74 B 
-74 A 

483 -90 

B5+ 5% KOH t o  - 

B5 + 30% i s  

B2 + 6% i t  

R2 + 10% V I  

B2 + 20% i l  

B3 3 f 5 3% 3-hydroxypropyl- 

B3,3 -+ 7.5% I f  

B3.3 + 14.4% ,! 
B303 + 25% i t  

C2 (2PVMMA/8MC) 
C2 -I- 3% 3-hydroxypropylamine 
C2 + 6% i? 

c2  + 10% f 1  

c2 + 20% i f  

C1 (1PVMMA/9MC ) 
C 1 + 3% 3 -hydroqpropylavine 
c 1  + 6% I? 

c1 + 10% l t  

c2 + 10% )P 

B5 5% 3-hydroqpropylamine 

B2# + 3,2% KOH 
B2 + 3% 3-hydroqpropylamine 

B5 + 10% 7 1  

t o  - 

B303z + 3 , 4 %  KOH t o  - 

amine 

39 5 
30 5 
3 0 8  
5.4 
3.8 
4.55 
40 95 
6,45 
io, 8 
4.0 
490 

4.4 
5e 0 
6,15 
20 2 
3.5 
40 1 
6 , O  
8- 5 

4.5 
80 5 
10-1 

6 , O  

22 1 0 5  
1 0 5  446 - 16  
1,4 1080 9,340 3 L 7  3582 1,730 - 

185 5 
398 1,4 4101 

90 1 0 5  3687 - 
104 11,425 - 31 

13 8 1. 4 569 - 
1,6 1688 11,800 200 

3 1,4  1682 10,300 

2 17 - 

- 

1.4 
1.6 
1.8 
1.5 

L 5  
L 5  
107 
L 5  
10.5 
I-- 5 
1 0 5  
1. Z X  

1.5 

2757 8,520 
4958 4,770 
1311 2,360 
1546 12,600 
1119 11,900 
1212 8,310 
7196 5,620 
4639 4,560 
3427 11,700 
3231 9,600 
6879 7,960 
4523 6,790 
85Olx 7,050 

28 
63 
0 

1546 
360 

50 
31 
35 

3130 
1290 
452 
324 
44 

Not-Fstto . . _ .  Table JI : 

X- 5PAA/5iC homogenized t o  c l e a r  so lu t ion  b addinq KO2 t o  pH 305. The 
r ~ ~ 6 ~ ~ d c r  of t h e  R f ;  group were homogenlzed t o  c f e a r  so'lutions by addi t ion  of t h e  
anline 

# 2PAA/8MC homogenized t o  c l e a r  so lu t ion  by adding KOH t o  pH 3.8, 
mainder of t hks  B2 group was prepared by addi t ion  of t h e  amine t o  t h e  KOH-adjusted 
B2 0 

The re- 

z 3.3 Pi.A/(i*? KC: horr,ogeni-7,ed t o  c l e a r  so lu t ion  by adding KOH t o  pH 4. The 
remainder of t h i s  B3.3 group was  homogenized by addi t ion  o f  ihe a 2 . r ; ~  ml;~, 
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Table 111. - Oxidation of Films i n  KOH Sa tu ra t ed  with Ag20, 
- 

Type c3 Cello- C3 + 10% C2 + 10% Si5 + 10% B2 f 10% B3 + 10% 
phane HAP HAP HAP H4 P HAP 

References 504-37 485 -120B 
485 -104 499-30 504-6 485-127B 482-98B 504-24. 

(A)  KOH only,  p s i  
(B) KOH-Ag20, p s i  

B/A 

(A)  KOH only, p s i  
(B) KOH-Ag20, p s i  

B/A 

30% KOH-Ag20 72 hours,  23" C, 

725 
759 

86 1 5  0 94 - 1,@4 

2510 3130 1700 - 
2160 457 1590 - 

45% XOH-Ag20 72 hours, 23" C ,  

3'3% KOH-Ag2O 72 hours, 50" C, 

(A)  KOH only 
23"C, p s i  

50" 8, p s i  
(B) KOH-Ag 0 

B/A 

- 2090 3130 1380 2630 

2290 o 1310 2560 - 
LO9 0 0 95 98 - 

- Notes: C films are methyl cellulose-PVMMA films. 

B films are methyl ce l lu lose -po lyac ry l i c  a c i d  films 

HAP i s  3-hydroxypropylamine. Percent$ a r e  p a r t s  p e r  100 p a r t s  of 
polymers i n  fi lm. 



It can be seen from Table I11 t h a t  t h e  films of t h e  new formulat ions 
he ld  up very w e l l  i n  t e n s i l e  s t r eng th  under s i l v e r  oxide oxidation. 
s i g n i f i c a n t  measurement might be i n  t h e  determinat ion of  permeabi l i ty  be fo re  
and a f t e r  exposure t o  t h e  oxidizing condi t ion,  Future  experiments are plan- 
ned for t h i s .  
of conduc t iv i ty  induced by oxidation. 
equipment conduc t iv i ty  changes were confined to measurements i n  45% KOH 
as given i n  Table IV.  

A more 

A measurement even more d i r e c t l y  p e r t i n e n t  might be i n  changes 
Because of  l i m i t a t i o n s  i n  p re sen t  

Table I V .  - Resis tance of F i l m s  Exposed t o  145% KOH-Ag20 
(72 hours a t  23" C, ) 

Resis tance i n  45% KOH 
Reference milliohms-in' 

Composition Uns t i r r ed  S t i r r e d  S t i r r e d  wi th  485 - 
72 hrs ,  Ag20 - 72 h r s -  

.- Cellophane 19  69 22 

120-B c3 + 10% HAP 15 41 6 

125-8 c5 + 10: HAP 6 100 0 

127-B B5 -t 10% HAP 3 9 16 

It i s  be l i eved  that, t h e  values shown d o  not  r ep resen t  s i g n i f i c a n t  
changes, Fu r the r ,  more accurate  work i s  planned i n  t h i s  area.  
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The 3-hydroyypropylamine has  a b o i l i n g  point  of 188" C ,  and, 
although undoubtedly present  as the  amine sa l t  of  t h e  polyacid i n  t h e  
f i l m ,  could conceivably be l o s t  by evaporat ion froin t h e  - th in  films on 
s t o r a g e  or long exposure t o  a i r .  
films were hung i n  a cu r ren t  of a i r  a t  72" C ,  and 50% R,H. f o r  s e v e r a l  
weeks and t h e n  t e s t e d  f o r  f l e x i b i l i t y ,  

To t e s t  t h i s  p o s s i b i l i t y  r e p r e s e n t a t i v e  

Resu l t s  a r e  g iven  i n  Table V below. 

Table V. -- E f f e c t  of Exposure t o  A i r  of Amine-Plasticized Films 

Ref Film Composition Soln, n e s s  50% R.H, ) 

-I_ 

------___-__ ---- - 
I -~ ----- - 

10% Thick- KIT F l e x  (200 g Tension, 

-- Orig ----- A i r :  % n o s e d  Fi lm 
p H  rfils Cyzles Days Cycles --- -- -I__Ic_-- 

485-120B C3 10% POCH2CH2CH2NH2 L c ,  3 1,6 14'7 6 51  599 

499-137 c2 + 10% 6.0 1-3 8501 30 5878 I .  

482-60 Methyl c e l l u l o s e  
+ 12.5% 11 12.5 1.7 3217 90 2076 

Some loss i n  f l e x i b i l i t y  was found i n  a l l  ca seso  Whether t h i s  would 
be a s e r i o u s  problem under l e s s  r igo rous  cond i t ions ,  as i n  normal s to rage ,  
remains t o  be determined, 

It w a s  noted t h a t  when t h e  f i l m s  were hung i n  unconditicned a i r  
t h a t  undue b r i t t l e n e s s  developed. This  w a s  suspected t o  be more t h e  r e s u l t  
o f  humidity cond i t ions  than  t o  loss of  amine and w a s  confirmed by condition- 
i n g  f i l m s  and t e s t i n g  a t  two d i f f e r e n t  humidi t ies ,  w i th  t h e  r e s u l t s  shown i n  
Table  V I ,  

Table V I .  - E f f e c t  of Re la t ive  Humidity on F l e x i b i l i t y  of Films - - - ----- - _____- --1--- --- .-- -- 2_. -________ - 
c2 + 10% HAP c3 

504-6 MP 146-49 

MIT Flex,  200 g o  t ens ion ,  50% R,H, 

MIT Flex, Z O i i  go iiii?sicn, LO5 R,HI 
72" F, - cycles 

L 77" F, - cycles 

3789 627 

1515 373 

F l e x  of  completely desiccated f i l n  1-2 bends 1-2 bends 
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It vas not reaaik- f e a s i b l e  t o  t e s t  t h e  films under c o n t r o l l e d  zero 
r e l a t i v e  humidity (last l i n e  of t a b l e )  bu t  t h e  f l e x i b i l i t y  w a s  es t imated by 
des i cca t ion  w i t h i n  a c losab le  polyethylene bag t o  constant  weight over c a l -  
cium s u l f a t e  ( D r i e r i t e ) ,  Both f i lms  f r a c t u r e d  w i t h i n  t h e  closed bags when 
a s i n g l e  bend w a s  app l i ed  by hand. The weight loss from 50% R,H, (moisture 
con ten t )  w a s  about 9% i n  both cases. 

The a c t i o n  of moisture was shown t o  be r e v e r s i b l e .  Thus a C 3  f i lm 
w a s  U wrapped around simulated e l ec t rodes  and heated i n  an oven f o r  f i v e  
hours a t  58" C ,  An exposed edge of t h e  t h u s  d r i e d  films w a s  broken by a 
s i n g l e  bend. 
sembly unwrapped and t e s t  specimens cu t  on t h e  s t r a i g h t  s e c t i o n s  and a t  t h e  
bend, with t h e  fol lowing r e s u l t s ,  average of 5 specimenso 

The assembly w a s  reconditioned a t  72" Y o ,  50% R,H., t h e  as- 

O r i g i n a l  F I T  F lex  on f i l m  50% R.H. , 72" F, 754 c y c l e s  

701 c y c l e s  Reconditioned f i lm s t r a i g h t  s e c t i o n s ,  50% R O E .  

Reconditioned f i l m  a t  bmd 50% R.II., 72" F., 632 c y c l e s  
72" F. 

It seems l i k e l y  t h a t  t h e  p l a s t i c i z i n g  e f f e c t  of  3-hydroxypropyl 
amine i s  i n  lending a d d i t i o n a l  hygroscopici ty  t o  t h e  f i l m  and t h a t  t h e  
primary p l a s t i c i z e r  i s  a c t u a l l y  water. This same p r i n c i p l e  i s  involved i n  
t h e  p l a s t i c i z a t i o n  of cellophane with g l y c e r i n  and glycols .  

It i s  known t h a t  f l e x i b i l i t y  i s  i n v e r s e l y  proportioned t o  f i lm 
thickness .  
t h i c k n e s s  of 1.5 mils, 
and t h e  f l e x i b i l i t y d e t e d n e d  experimentally,  
t h e  f l e x i b i l i t y  va r i ed  exponent ia l ly  with th i ckness ,  On t h i s  b a s i s  one of  
t h e  experimental  films used i n  t h e  cons t ruc t ion  of t e s t  c e l l s  w a s  prepared 
a t  1.2 mils t h i c k n e s s  i n s t e a d  o f  t h e  customary 1,5 mils. This was t h e  
formulat ion of t h e  last l i n e  o f  t a b l e  I1 (C2 p lus  10% HAP), which f i l m  gave 
more t h a n  10 times t h e  f l e x  cycles  u s u a l l y  shown by C 3 ,  

Films of t h i s  study have been customarily c a s t  t o  give a t a r g e t  
Two compositions were c a s t  over  a range of t h i c k n e s s  

A s  can be seen from Figure 1 

F l e x i b i l i t y  i s  of chief concern i n  wrapping e l e c t r o d e s  by t h e  U 
wrap during t h e  f i n a l  bend. A l l  of t h e  f i l m s  of t h i s  s tudy are extremely 
f l e x i b l e  once immersed i n  t h e  e l e c t r o l y t e .  

The 3-hydroxypropylamine i s  completely s02iiblc i n  30 t,o 45% KOH 
and t h e r e  was some concern t h a t  on imnersion of t h e  f i lm i n  t h e  e l e c t r o -  
l y t e  loss of amine iqould r e s u l t  i n  i n c r e a s e  of r e s i s t a n c e  t o  t h a t  o f  t h e  
u n p l a s t i c i z e d  film. 
Resis tance w a s  measured a f t e r  1 day soaking i n  457; KOH and again a f t e r  several 
days vigorous s t i r r i n g  i n  a l a r g e  excess  of 452 KOH t o  provide m a x i m u m  pos- 
s i b l e  e x t r a c t i o n  ol" the f i l . . ~  

This w a s  t e s t e d  on two formulat ions as shown i n  Table V I I .  
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I a 
Table V I I e  - Effec t  of Exposure of Films t o  E x t r a c t i o n  Condition - 

(Condition 12 sq, in ,  1 ,5  m i l  f i l m  st irred wi th  
400 m i  45% KOH) 

Reference F i l m  Composition 

499- 

E l e c - t r i c a l  Res i s t ance  i n  45% KOH 

No S t i r r i n g  
milliohms-in. 2 

s t i r r i n g  - -_I_- 

1 day 3 days 6 days 1 5  days 

75F C 2  + 6% HOCH2CH2CH2NH2 50 25 16 10 

71  C2 as i s  ( c o n t r o l )  1178 - - 1010 

35 

3 57 

- - 137 C3 -t 10% HOCH2CH2CH2NH2 15  
- - 9 ~3 as i s  ( c o n t r o l )  374 

Wkhin  t h e  s e n s i t i v i t y  of  our equipment no change i n  t h e  r e s i s t a n c e  
o f  t h e  films occurred under condi t ions conducive t o  ex t r ac t ion .  Th i s  would 
appear  t o  i n d i c a t e  t h a t  t h e  amine w a s  not ex t r ac t ed ,  
i n v e s t i g a t i o n  w i l l  be r epor t ed  i n  t h e  next Q u a r t e r l y  r e p o r t .  

A more d e f i n i t i v e  

InterdeBendence of Film Composition and KOH Concentration 

There are poss ib l e  advantages t o  ope ra t ing  t h e  s i l v e r - z i n c  c e l l  
a t  concentrat ions below 30g0 
of gass ing  and it i s  d e s i r e d  t o  reconvert  t h e  gases  t o  e l e c t r o l y t e  on d i s -  
charge. For such purpose low concentrat ions of  KOH are b e n e f i c i a l  because 
t h e y  r ed i s so lve  t h e  gases more easily. Secondly, s i n c e  z inc  oxide i s  less 
s o l u b l e  ifi lcwer concentrat ions one might p r e d i c t  t h a t  t h i s  e l e c t r o d e  might 
be less r a p i d l y  changed i n  i t s  morphology diiring it.? l i f e ,  There has  been 
some experimental  evidence f o r  t h i s  (2). 

In  c e r t a i n  uses  c e l l s  are charged t o  t h e  point  

One would expect t h a t  i n  going below 303 concentrat ions less  p o l a r  
compositions would be required;  
lower propost ion of polyacid would be c a l l e d  f o r ,  
prel iminary way Ly masuring t h e  r e s i s t a n c e p  swe l l ing  and s o l u b i l i t y  of  
methyl c e l l u l o s e  combinations i n  15  t o  45h KG-i as shox?? i n  Table V I I I ,  

i n  t h e  methyl cel lulose/polyacid system a 
T h i s  w a s  explored i n  a 

I 
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Table VIII. - E f f e c t  of  KOH Concentration on Film Prope r t i e s  

% Methyl 
Film Property KOH Cel lu-  ~1 c2 c3 

l o s e  

Swelling Ratio.'$ 

R e  s i  s tance  (milliohms-in. 2 ) 

(va lues  i n  parentheses  a r e  
appro rdmte  because of present 
i n s t rumen ta l  l i m i t a t i o n s  a t  
low r e s i s t a n c e s )  

S o l u b i l i t y  i n  E l e c t r o l y t e  
( i n d i c a t e d  by Ag20 r e a c t i o n  
t e s t )  

15 
20 
25 
30 
45 

15 
20 
25 
30 
45 

15 
20 
25 
30 
45 

+ + + + 
4- weak + + 
0 0 weak f 

0 0 0 0 
0 0 0 0 

Notes: -x- W t .  of b l o t t e d  swollen fi.lm/wt. of a i r  dry f i lm at 50% R.H. 

From Table V I 1 1  it can be seen t h a t  a s  KOH concent ra t ion  i s  lowered 

It seems probable,  t h e r e f o r e ,  t h a t  
swel l ing  and conduct iv i ty  inc rease  a s  w e l l  as t h e  tendency f o r  a t  l e a s t  a 
p o r t i o n  of t h e  f i l m  t o  go i n t o  so lu t ion .  
p o l a r i t y  could be ad jus ted  i n  t h i s  system o r  a r e l a t e d  system t o  develop a 
membrane s u i t a b l e  f o r  any chosen KOH concent ra t ion ,  which would remain in -  
t a c t  and supply t h e  requi red  p rope r t i e s ,  
of course,  r eqd ix  more s e n s i t i v e  r e s i s t a n c e  measurements and a l s o  a more 
q u a n t i t a t i v e  measurement of dissolved m a t e r i a l  In t h e  elect . rolf le .  

To a r r i v e  a t  t h e  f o r n u l a t i o n  would, 

The Ag2O method used t o  d e t e c t  d i sso lved  organic  matter i n  t h e  KOH 
cons i s t ed  i n  warming an  equal  volume of supernatant  KOH wi th  30% KOH s a t u r a t -  
ed wi th  s i l v e r  oxide; a brown c o l o r  developed during one minute heat ingiwas 
t aken  as evidence of dissolved organic  mat ter ,  
od w a s  examined 'oriefljr. The t e s t  appeared t o  be q u i t e  s e n s i t i v e  t o  ce l lu -  
l o s i c  m a t e r i a l ,  O.Olj% on sodium carboxymethyl c e l l u l o s e  &id r e l&. ive ly  i n -  
s e n s i t i v e  t o  P m M ,  O.l%, 
q u a n t i t a t i v e l y  determine any type  of d i sso lved  organic  ma te r i a l ,  
be u s e f u l  i n  examining t h e  e l e c t r o l y t e  i n  c e l l s ,  under aging or s t e r i l i z a -  
t i o n  condi t ions.  

The s e n s i t i v i t y  of t h e  meth- 

It i s  planned t o  develop a method which w i l l  
This  would 
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